TECHNICAL  REPORT 
72-42  FL 


DEVELOPMENT  OF  RADIATION  STERILIZED 

FISH  ITEMS 


Louis  J.  Ronsivalli 
U.S.  Department  of  Interior, 

i 

Fish  and  Wildlife  Service, 
l 

Bureau  of  Commercial  Fisheries, 
I 

Technological  Laboratory, 
Gloucester,  Massachusetts 


Contract  No:  Project  Order  No.  66-88 

i 

February  1972 


UNITED  STATES  ARMY 
NATICK  LABORATORIES 
Natick.  Massachusetts  01760 


Food  Laboratory 
FL-153 


Approved  for  public  release;  distribution  unlimited. 

Citation  of  trade  names  in  this  report  does  not 
constitute  an  official  indorsement  or  approval  of  the 
use  of  such  items. 

Destroy  this  report  when  no  longer  needed.  Do  not 
return  it  to  the  originator. 


Approved  for  public  release;  AD 

distribution  unlimited 


TECHNICAL  REPORT 
72-42  f  EL 

DEVELOPMENT  OF  RADIATION  STERILIZED  FISH  ITEMS 

by 

Louis  J.  Ronsivalli 


U.  S.  Department  of  Interior 
Fish  and  Wildlife  Service 
Bureau  of  Commercial  Fisheries 
Technological  Laboratory 
Gloucester,  Massachusetts 


Project  Order  No.  66-88 


Project  reference:  Series:  FL- 153 

1C025601A033 


February  1972 


Food  Laboratory 
U.  S.  ARMY  NATICK  LABORATORIES 
Natick,  Massachusetts  01760 


FOREWORD 

The  availability  of  shelf-stable,  highly  acceptable  seafood  items 
for  use  in  military  feeding  systems  is  considered  a  necessity.  Radia¬ 
tion  processing,  or  '’cold*’  sterilization  as  it  is  frequently  called, 
has  the  potentiality  of  yielding  products  that  have  good  military  utility, 
good  storage  stability,  and  good  acceptability.  Therefore,  research  to 
develop  process  criteria  that  can  be  used  to  produce  irradiation  sterilized 
seafoods  is  under  way. 

The  work  covered  in  this  report  was  performed  by  U.  S.  Department  of 
Interior,  Fish  and  Wildlife  Service,  Bureau  of  Commercial  Fisheries, 
Technological  Laboratory,  Gloucester,  Massachusetts  under  Project  Order  No. 
66-88  during  the  period  from  14  December  1966  to  13  March  1968.  It  repre¬ 
sents  an  investigation  on  the  development  of  edible  coatings  for  the  sta¬ 
bilization  of  the  physical  structure  of  radiation  sterilized  fish  fillets, 
and  an  investigation  on  the  effects  of  variation  in  processing  conditions 
and  selected  additives  for  the  prevention  of  browning  of  fish  fillets 
during  storage. 

Mr.  L.  Rons ivalli  was  the  Project  Officer  and  Official  Investigator 
and  Robert  J.  Learson  the  Chief  Collaborator  in  the  research  work  for  the 
Bureau  of  Commercial  Fisheries.  Thb  U.  S.  Army  Natick  Laboratories® 

Project  Officer  was  Dr.  Fred  He iligman  and  the  Alternate  Project  Officers 
were  Messrs,  George  Giddings  and  Gary  Shults,  all  of  the  Food  Laboratory. 
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ABSTRACT 


Research  was  carried  out  on  edible  coatings  to  stabilize  the 
physical  structure  of  radiosterilized  fish  fillets  and  on  additives 
to  prevent  browning  of  these  products  during  room  temperature  storage. 
Ground. or  blended  fish  flesh  which  has  binding  properties  upon  heating 
was  tested  as  a  batter  material  to  coat  fillet  portions  prior  to  bread¬ 
ing.  It  was  found  that  a  coating  composed  of  50  percent  ground  flesh 
and  50  percent  methylcellulose  solution  (2  percent)  in  conjunction  with 
a  normal  slow-browning  breading  material  greatly  enhanced  the  structural 
and  storage  stability  of  the  fillet.  This  coating  which  seals  itself 
during  the  frying  process  was  considered  highly  acceptable  by  the  taste 
panel  and  proved  to  be  shelf  stable  through  nine  months*  storage  at 
room  temperature. 

Although  this  coating  resulted  in  acceptable  products  immediately 
after  irradiation  and  up  to  one  month  at  room  temperature  storage, 
marked  discoloration  (browning)  of  the  flesh  was  Observed  after  2-3 
months1  storage,  resulting  in  an  unacceptable  product.  Research  indica¬ 
tes  that  the  browning  is  nonenzymatic  although  the  availability  of 
reactants  may  be  the  result  of  enzymatic  activity.  Attempts  to  elimi¬ 
nate  browning  in  prefried  radiosterilized  fillets  have  failed.  Of  all 
the  additives  tested,  only  bisulfite  treatment  affected  the  browning 
reaction.  However,  shelf  life  extension  was  not  significant. 


DEVELOPMENT  OF  RADIATION  STERILIZED  FISH  ITEMS 


INTRODUCTION 


The  primary  problems,  involved-  in  the  production  of  acceptable  radio* 
sterilized  fish  fillets  concern  the  structural  breakdown  of  the  fillet 
during  processing,  for  ‘enzyme  .'inactivation  and  ’’browning” -  of  the  product 
during  room  .temperature  storage,  v  This  report  covers  research  carried  out 
©n  edible  stabilizing  coatings  for  retaining  the  structural  integrity  of 
the  fillets  and  on; determining  the  effects  of  heat  treatment,  irradiation, 
various .additives  and  packaging  environment  on  the  browning  of  these 
products  during  room  temperature  .storage.  ■  The:  effects  of  different  treat¬ 
ments  ••  for  proteolytic-  ..enzyme  inactivation  were  also  studied. 


EXPERIMENTAL 


Irradiation  Facility--  and  -Procedures 

All  ■  irradiation  was  ■  carrie'd:  . out  at  the  Marine  Products  Development^ 
Irradiator  at  Glouce.ster ,  Massachusetts.,  (1) 

During  this  reporting  period;  experimentation  was  primarily -concerned 
with  cod  and  haddock,  fillets ...  All  products  were  irradiated  to  receive  ..a  ' 
minimum  dose,  of-  4.5,  megarads-  ..(maximum  =  5.9  megarads)  at  a  temperature  of 
-80°G.  (1)  ,  . 

Structural  Stability  .of  -Fillets 

As  reported  in  a  previous  progress  report  (1) ,  extreme  physical  damage 
occurring  during  enzyme  inactivation  treatments  and  storage  resulted  in 
products  which  were  unrecognizable  or  unusable  as  fish  fillets.  Because 
of  this,  experimentation  .was  carried  out- on  methods  to  improve  the  structural 
stability  of:  the  fillets.. 

To : increase  the  uniformity' of  the  geometry  of  the  fillets  and  to 
facilitate  handlings  during: -processing, '  sections  were  cut  from  the  thickest 
portion  of ■  each  fillet  with  a  2-1/2”  diameter  cookie  cutter.  Three  por¬ 
tions  of  this  size  were  packed  in  a  standard  No.  2  can  after  processing 
to  inactivate  enzymes.  -• 

Previous  research  has  shown  that  an  edible  stabilizing  Coating  is  nec¬ 
essary  -to.  minimize -the  physical-damage  to;  the  fillets  occurring  during  the 
enzyme  inactivation  process.  (1)  -  Although  commercial  breading  and  batter 
coating  materials  eliminate  physical  damage  during  frying,  these  coatings 
absorb  moisture  from  the  fish  flesh  during  room  temperature  storage,  and, 
subsequently,  the  product  breaks  apart,  becoming  unusable  as  a  fillet  or 
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The  requirements  for  a  suitable  coating  for  radiosterilized  fillets 
are  extremely  strict*  The  coating  must  1)  cover  the  product  completely, 

2)  seal  itself  during  heat  treatment,  3)  remain  stable  during  enzyme  inac¬ 
tivation,  4)  adhere  to  the  fillet  surface*  5)  remain  intact  during  room 
.temperature  storage  and  subsequent  handling  (reheating  and  serving) ,  and 
6)  have  good  quality  characteristics  (flavor  and  odor) .  Various  materials 
were  tested  for  suitability.  These  were  as. follows: 

1.  Methylcellulose  in  various  concentrations  was  used  by  itself  as 
a  batter  material  and  also  as  an  additive  to  commercial  starch  batter 

materials . 

2.  Myvaeet  (acetylated  Monoglyceride)  was  tried  as  a  dip  coating. 

Since  this  material  must  be  kept  hot  (82°C)  during  use,  attempts  were  made 
to  carry  out  the  coating  process  and  the  enzyme  inactivation  simultaneously. 

3.  Edible  shellac,  a  coating  material  commonly  used  for  candies  was 
tried  as  a  dip  and  as  a  sprayed  coating  in  a  variety  of  concentrations. 

4.  Ground  or  blended  fish  flesh  which  has  binding  properties  was  also 
used  to  coat  fillets  prior  to  breading.  This  material  was  tested  in  a 
number  of  different  formulations.  Various  dilutions  of  the  fish  slurry, 

by  itself  or  in  combination  with  methylcellulose  solutions,  starch  batter 
material,  and  gelatin  were  all  tested  as  batters  for  fried  breaded  products. 

The  same  procedure  was  used  to  test  the  various  coating  formulations. 
The  portions  of  fillet  were  first  dipped  in  the  batter  materials  and  rolled 
in  a  commercial  ''slaw-browning"  breading.  Three  portions  were  then  heated 
in  a  microwave  oven  for  30  seconds  and  deep- fat  fried  for  60  seconds.  The 
portions  were  vacuum  packed  in  No.  2  C -enamel  cans  using  C02  as  a  flush 
gas.  Finally,  the  cans  were  cooled  to  -8000  and  irradiated.  Some  cans 
were  stored  at  about  1°C,  and  some  were  stored  at  room  temperature  (about 
22°C) . 

To  determine  the  best  coating  material  the  products  were  evaluated 
by  a  trained  panel  immediately  after  irradiation  and,  if  acceptable,  on 
a  monthly  basis  during  room  temperature  storage.  In  all  cases  visual  exam¬ 
inations  of  the  product  were  carried  out  upon  removal  from  the  can  to  deter¬ 
mine  the  condition  of  the  fillet  prior  to  serving.  Samples  stored  at  room 
temperature  were  toxin  tested  at  the  U.  S .  Army  Natick  Laboratories  prior 
to  taste  testing. 

Discoloration  of  Radiosterilized  Fillets 

As  previously  reported  (1)  marked  discoloration  was  observed  in 'radio¬ 
sterilized.  fillets  after  3-6  months  of  storage  at  room  temperature,  a 
slight  yellowing  becoming  visible  during  the  first  month,  progressing  to 
a  deep  brown,. after  4  to  5  months  of  storage.. 
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A  number  of  different  additives  were  tested  as  possible  browning 
inhibitors o  Bisulfite,  which  is  commonly  used  as  a  browning  inhibitor 
in  other  food  products  (2),.  was  tested  first.  Haddock  fillets  were  dip¬ 
ped  in  a  sodium  bisulfite  solution  (2.5%  sodium  bisulfite  in  1%  ascorbic 
acid  solution)  for  various  times  prior  to  processing..  Treated  fillets 
were  processed  both  as  coated  and  uncoated  portions.  The  coated  portions 
were  preheated  -  in  %microwave  oven  and  fried  as  described  above.,  and  the 
uncoated  products  were  canned  (vacuum  +  CO2  flush)  and  steam,  -retorted 
to  an  internal  temperature,  of  77°G  for  enzyme  inactivation.  In  other  . 
experiments  designed  to  eliminate  any  questions  regarding  penetration 
of  the  salt,  the  bisulfite  solution  was  added  directly  to  ground  fish 
fle'sh, which  was  canned  and  retorted  prior  to  irradiation.  ,  These  products 
were  evaluated  visually  immediately  after  irradiation  and  on  a  monthly 
basis  during  room  temperature  storage. 

:.  Because  of  visible  damage  to  the  fillet  occurring  during  the  treat¬ 
ment  of  fillets  with  the  "sulfiting”  solution  (presumably  acid  attach) , 
experiments  were  carried  out  using  a  sodium  bicarbonate  solution  as  a 
neutralizing  dip.  Both  coated  and  uncoated  portions  were  prepared  using 
this  sequence  of  treatments  prior,  to  enzyme  inactivation  and  irradiation. 

As  reported  by  Furia  (3) ,  butyl  hydroxy  anisole  (BHA)  ethylenedia- 
minete trace tic  acid  (EBTA)  and  EDTA  and  alum  all  have  browning  inhibiting 
properties.  :.To  determine  the  effects  of  these  additives  on  the  discolor¬ 
ation  of  radios terllized • fillets ,  experiments  were  carried  out  involving 
the  use  of  various  combinations  of  these  additives  both  as  a  dip  for 
fillet  portions  and  as  a  direct  additive  to  ground  flesh.  All  these  prod¬ 
ucts  were  evaluated  visually  immediately  after  irradiation  and  on  a  month¬ 
ly  basis  during  room  temperature  storage . 

A  series  of  experiments  .carried  out  to  determine  the  effects  of 

air,  irradiation  and  heat  treatment  on  the  browning  reaction  in  both  whole 
fillets  and  ground  flesh. 

To  determine  whether  or  not  a  more  complete  elimination  of  air  from 
the  package  would  have  an  effect  on  discoloration,  the  fish  fillets  were 
processed  as  follows t 

Cut  portions  of.  the  fish  fillets  were  coated  with  a  fish  slurry- 
mefehoeet -batter,  material, -rolled  in  breading,  microwave -treated  for  30 
seconds  and  fried  for  60.  seconds  at  204OC  prior  to  packaging  and  irradia¬ 
tion.  ,  Experiments  using  BHA  (butyl  hydroxy  anisole)  as  a  dip  prior  to  the 
coating  process,  and  CO2  as  a  flush  gas  were  carried  out.  Samples  were 
prepared  using  various  dip  times  in  BHA  and  multiple  flushes  with  CQ2. 
Products  were  visually  evaluated  immediately  after  irradiation  and  on  a 
monthly  basis  at  room  temperature  storage. 


It  was  observed  that  there -were  some  differences  in  the  "browning” 
rate  among  products  heated  to  different  internal  temperatures  during 
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enzyme  inactivation.  To  determine  the  effects  of  heat  treatment  on  the 

browning  reaction  rate  a  number  of  experiments  were  carried  out  using  !■■■ '-fe 
different  methods  of  heating  prior  to  irradiation. 

1.  Fillet  portions  we're coated  (fish  slurry  +  methoeel  +  breading) 
microwave™ oven  treated  for  30  seconds  and  fried  for  either  40  seconds, 

60  seconds,  or  90  seconds  prior  to  irradiation.  These  heating  procedures 
resulted  in  internal  temperatures  of  55°C,  77°C,  or  93°C  respectively  in 
the  fillets.  The  products  were  canned  (vacuum  +  CO2  flush)  and  irradiated 
(4.5  Mrads  at  -80°C)  and  stored  at  room  temperature. 

2.  Whole  fillets  were  microwave  treated  to  internal  temperatures 

of  24,  49,  or  77©C  prior  to  irradiation.  These  products  were  vacuum™ packed 
(CO2  flush),  in  cans,  irradiated  at  -80oc  and  stored  at  room  temperature. 

3.  Whole  fillets  and  ground  fish  flesh  were  retorted  in  cans  to  vari¬ 
ous  internal  temperatures  (49®,  770,  or  121°C)  prior  to  irradiation.  Half 
of  these  samples  was  vacuum-packed  and  half  was  air-packed  to  determine  • 
the  effects  of  oxygen  on  the  samples,  Nonirradiated  controls  were  prepared 
for.. samples  heated  to  77°C  or  121°C. 

All  of  these  products  were  evaluated  visually  on  a:  monthly  basis 
during  room  temperature  storage. -Reflectance  measurements  were  made  with 
a  MEECO  differential  colorimeter  on  each  sample  in  order  to  follow  the  rate 
of  browning  during  storage  and  the  reflectance  of  the  samples  is  reported 
as  the  Muhsel  Value.  (4) 

Experiments  designed  to  test  the  possibility  of  extracting  fish  flesh 
with  water  to  remove  reactants  were  initiated.  Whole  fillets  as  well  as 
ground  flesh  were  extracted  for  30  minutes. in  both  warm  (38°C)  and  cold 
(8°C)  tap  water.  The  leached  flesh  was  vacuum-packed  in  cans  (CO2  flush) 
irradiated  at  -80°C  (4.5  Mrads)  and  placed  at  room  temperature  storage. 

Enzyme  Inactivation 

During  research  on  enzyme  inactivation  it  was  found  that  the  texture 
©f  the  product  was  enhanced  greatly  by  reducing,  the  heat  process  tosrmini- 
mum.  Samples  of  coated  portions  of  haddock  and  cod  fillets  were  enzyme 
inactivated  using  shorter  heat  treatments  than  those  required  for  complete 
enzyme  inactivation.  (5)  Using  a  combination  microwave- frying  treatment, 
samples  were  heated  to  internal  temperatures  of  about  60°C  prior . to  canning 
and  irradiation.  Other  samples  were  prepared  by  deep -fat -frying  to  inter¬ 
nal  temperatures' of  about  49^0.  These  samples  were  stored  at  room  tempera¬ 
ture  and  organoleptically  evaluated  monthly. 

A  new  procedure  for  enzyme  inactivation  using  microwave  heating  was 
tested.  In  previous  work  complete  enzyme  inactivation  by  microwave  treat¬ 
ment  proved  unfeasible  because  of  extreme  physical  damage  resulting  in  the 
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product.  It  was  found  that  this  damage  could  be  minimized  when  the  micro- 

wave  treatmentwas  carried  out  holding  the  product  under  water  pressure. 
This  method  looked  promising  for  a  product  like  halibut  steaks  which,  when, 
enzyme  inactivated  by  conventional  heating,  dried  out  to  the  point  of  being 
inedible  as  far  as  texture;  was  concerned.  (1)  Halibut :: steaks  treated  with 
0.1%  BHA  for  1  minute  were  vacuum-packed  in  mylar  (polyethylene  coated  pol¬ 
yester)  pouches  and  placed  in  a  sealed  plastic  container  filled  with  hot 
tap  water . (65®C) .  The  entire  package  was  -then  treated  for  5  minutes  in  the 
microwave  oven,  resulting  in  internal . temperatures  in  the  order  of  60©C. 
These  samples  were  sealed  in  a  second  pouch  and  irradiated  .at  -80°C  (4.5 
Mrads)  . 


In  general  both  visual  and  organoleptic  evaluations  showed  that  ground 
or  blended  fish  muscle  used  as  a  batter  material  for  coating  fillets 
greatly  enhanced  the  structural  and  storage  stability  of  the  fillet.  All 
the  other  materials  tested  had  major  drawbacks.  The  methoeel  and  the 
methoce 1-starch  batter  mixtures  functioned  well  during  processing  but  were 
unstable  during  storage..  The  Myvacet  dip,  because  of  the  high  temperature 
involved,  had  a  tendency  to  break  up  the  fillet  during  the  dipping  process 
and  the  fillet  could  not  be  held  long  enough  in  the  dip  to  effect  enzyme 
inactivation.  When  the  fillet  was  treated  only  long  enough  to  be  coated, 
the  coating  could  not  withstand  heat  processing  for  enzyme  inactivation. 

The  edible  shellac  became;  very  brittle  and  cracked  from  the  stress  of 
freezing  and  was  also  extremely  bitter  tasting. 

All  the  coating  formulations,  using  ground  or  blended  fish  functioned 
extremely  well  and  were  resistant  to  breakage  during  processing,  storage, 
and  subsequent  handling  during' serving.  Their  adherence  properties  were  ■ 
excellent,  especially  when  the  surface  of  the  fillet  was  scored  with  a  fork 
or  similar  instrument  prior  to  the  coating  process.  In  most  cases,  the 
flavor  and  texture  of- the  coatings  were  judged  to  be  excellent.  . 

The  best . coatings  as  determined  by  both  visual  and  organoleptic  exam¬ 
ination  was  .a  .mixture  .  of  equal  volumes  of  ground  fish,  (the  fish  was  ground 
for  60  seconds  in  a. silent  cutter)  and  2%  methoeel.  This  coating  was  less 
brittle  than  the  others. and  had  better  stability  during  room  temperature 
storage.  Added  starch  batter  material  or  gelatin  to  this  mixture  appeared 
to  harden  the  coating  but  lessened  .the  moisture  resistance  of  the  coating 
during  storage. 

Irradiated  products  coated  with  the  fish  slurry-methocel  batter  and  a 
slow  browning  breading  were  scored  6-7  (like  slightly- like  moderately)  on 
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a  9 -point  hedonic  scale,  by  an  expert  panel,  immediately  after  irradiation 
and  after  2  months  of  storage  at  room  temperature.  The  products  became 
unacceptable  between  2  and  3  months  of  storage  due  to  marked  browning  of 
the  flesh,  although  they  remained' intact  and  stable  through  9  months  of 
storage  with  no  visible  signs  of  structural  damage.  In  all  cases  the  prod¬ 
uct  could  be  removed  from  the  can  and  handled  without  being  damaged. 


It  appears  that  browning  in  stored  radiosterilized  fish  flesh  occurs 
mainly  through  the  Mai  Hard  Reaction  (sugar-amino  acid  condensation) .  Fish 
flesh  has  the  necessary  reactants,  and  according  to  the  literature  (6)  (7), 
room  temperature  storage  meets  the  conditions  necessary  for  the  reaction  to 
take  place. 

Although  the  evidence  is  not  conclusive  as  yet,  results  indicate  that 
oxygen  is  not  a  factor  in  browning.  The  coated  fillets  all  browned  slowly 
after  2  to  3  months  of  storage  at  room  temperature,  regardless  ©f  treat¬ 
ment.  Neither  multiple  flushes  with  CO2  nor  the  addition  of  BHA  to  the 
product  affected  the  browning  rate. 

Of  all  the  additives  tested,  only  sodium  bisulfite  appeared  to  affect 
the  browning  reaction.  Products  treated  with  bisulfite  retained  a  more 
acceptable  color  through  two  months’  storage  at  room  temperature.-  However, 
after  two  months  these  products  tended  to  yellow  rather  than  brown  and  were 
considered  unacceptable  by  the  trained  panel. 

Fillets  dipped  in  bisulfite  solution  for  1  minute  prior  to  processing 
retained  a  lighter  color  for  a  longer  time  than  did  the  nontreated  fillets. 
Increased  dip  times  did  not  appear  to  reduce  the  browning  any  further  and 
only  resulted  in  increasing  physical  damage  to  the  fillet.  The  use  of 
sodium  bicarbonate  as  a  neutralizing  dip  did  not  eliminate  the  acid  attack 
on  the  fillet  and  appeared  to  reduce  the  effect  of  the  bisulfite.  Products 
treated  with  bisulfite,  coated  with  fish  slurry-methocel  batter,  and  foiled 
in  slow-browning  breeding  were  scored  6.5  on  the  9-point  acceptance  scale 
by  an  expert  panel  immediately  after  irradiation. 

Bisulfite  solution  added  directly  to  ground  flesh  (1500  ppm)  prior  to 
canning  and  retorting  appeared  to  reduce  browning  even  after  threenmonfchs 
of  storage  at  room  temperature.  The  panel  in  general  considered  the  color 
of  this  product  more  acceptable  than  the  color  of  similar  products  not 
treated  with  bisulfite..  After  four  or  five  months  of  storage  this  product 
became  unacceptable  in  appearance  due  to  a  yellowish  discoloration.  In  all 
cases,  however,  the  yellow  color  was  not  as  objectionable  as  the  brownish 
discoloration.  All  the  other  additives  tested  had  no  visible  effect  on  the 
rate  of  browning  either. in  coated  fillets  or  as  direct  additives  to  ground 
flesh. 

Neither  irradiation  nor  the  presence  of  air  in  the  package  appeared  to 
have  any  effect  on  the  rate  of  browning  in  any  of  the  products.  The  only 
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■factor  that  affected  the  color  of  the  flesh  to  any  measurable  extent  was 
the  type t of  heat,  treatment  given'  to  the  product.  Figure  1  shows  the 
effect  of  process  temperature  on  the  color  of  whole  fillets  and  ground 
flesh  retorted., in  cans  (vacuum- packed)  to  various  internal  temperatures 
prior  ta  irradiation.  Figure  2  shows  the  effect  of  process  temperature 
on  the  same  products  air-packed  in  cans  prior  to  retorting.  In  all  cases 
products  heated  to  120°C  were  only  marginally  acceptable  in  regards  to 
color  and  did  not  change  appreciably  during  storage.  The  same  products 
heated  to  77@C  were  acceptable  in  color  initially  and  remained  acceptable 
through  five  months  of  storage.  The  product  heated  to  49°C  were  the  high¬ 
est  in  initial  acceptability  but  in  general  were  considered  only  marginally 
acceptable  after  five  months. .  The  products  receiving  no  heat  treatment 
were  unacceptable  after 'One "month  of  storage  and  browned  rapidly' thereafter 
These  results  indicate  that  heating  to  77°C is  the  optimum  heat  treatment 
and, produces,  .the  most  acceptable  color  initially  with  the  least  amount;  of 
browning  during  storage. 

The  results  of  .the  retort "processed  products  contrast  markedly  with 
the  results  obtained  from  products  treated  by  means  of  the  microwave  oven 
(Figure  3).  In  all  cases  the  latter  browned  very  rapidly  regardless  of 
the  process  temperature  becoming  unacceptable  after  two  months  of  storage 
at  room  temperature. 

Coated  products . microwave  treated' and  fried  for  various  times  in V corn 

oil" (190°C)  were  comparable  to  the  microwave  treated  products  with  regard 
to  the  rate  of  browning  of  the  flesh  (Figure  4).  In  all  cases,  these  prod¬ 
ucts  were  considered  unacceptable  after  two  months’  storage.  The  bisulfite 
treated  samples  were  considered  significantly  more  acceptable  by  the  panel 
than  the  nontreated  samples.  However,  the  use  of  this  additive  again 
resulted  in  a  yellowish  color  rather  than  a  brown  color.  The  panel’s  pref¬ 
erence  for  the  yellowed  product  over  the  browned  product  was  most  likely 
due  to  the  difference  in  color.  The  reflectance  values,  however,  were  not 
significantly  different  between  sulfited  and  nonsulfited  samples  (green 

: filter)'.  " . ’  •••— — . "  -  . . ;:':r  *  ; . .  ‘T^ 

The  results  indicate  that  ground  fish  flesh  can  be  leached  with  water 
with  some  reduction  in  browning*  Whole  fillets  leached  in  the  same  manner, 
however,  were  not  significantly  different  from  nonleached  fillets  after 


In,  all  cases  .a, reduced  enzyme -inactivation  treatment  increased  the 
product  acceptability  markedly  immediately  after  irradiation.  Products 
microwave  treated  and  fried  to  internal  temperatures  of  60°C  were  consid¬ 
ered  more  acceptable  than  those  products  heated  to  77°G.  Bisulfited 
products  fried  for  one  minute  in  com  oil  at  190°C  (just  enough  to  seal  the 
coating)  to  internal  temperature  of  49°C  were  judged  not  significantly 
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Figure  1  -  The  effect  of  room  temperature  storage  on  the  color 
of  radiosterilized  whole  fillets  and  ground  flesh, 
vacuum  packed  in  cans  and  retorted  to  various 
temperatures  prior  to  irradiation  (4* 5  Mrads  at  -80°C.)* 


Munsell 

Value 

(-L-XO) 
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Storage  Time  at  21  °C.  (Months) 


Figure  U  -  The  effect  of  room  temperature  storage  on  the  color  of 

radiosterilized  fillets,  microwave  oven  treated  (30  sec.) 
and  fried  to  various  internal  temperatures  prior  to 
canning  (vacuum  packed)  and  irradiation  (4*5  Mrads  at  -S0°C.) 


different  from  the  frozen  control  immediately  after  irradiation.  These 
were  the  best  results  obtained  for  initial  acceptability.  Figure  5-. shows 
the  effect  of  storage  on  both  the  color  (Munsell  Value)  and  the  acceptance 
of  this  product.  After  two  months  of  storage  the  product  was  considered 
unacceptable  primarily  because  of  discoloration.  The  slope  of  Munsell 
Value  vs.  time  correlates  very  well  with  the  slope  of  acceptance  vs.  time. 
In  all  cases,  texture,  odor,  and  outward  appearance  were  considered  highly 
acceptable.  The  flavor  of  the  products  became  only  marginally  acceptable 
because  of  the  development  of  a  chicken-like  flavor. 

The  initial  acceptance  of  halibut  steaks  was  increased  substantially 
when  the  enzyme  inactivation  procedure  was  carried  out  in  the  microwave 
oven  under  water  pressure.  The  steaks  were  considered. excellent  as  far 
as  appearance  and  texture  were  concerned.  However,  a  slight  irradiation 
flavor  was  present  reducing  the  overall  acceptance  to  "like  slightly-like 
moderately."  Evaluations  are  continuing  on  these  products. 

cmc'-JV'Y. 

CONCLUSIONS 

Concerning  the  production  of  a  highly  acceptable  fishery  item  prepared 
from  fish  in  the  fillet  form,  browning  during  storage  represents  the  pri¬ 
mary  problem.  During  exploratory  research  this  browning  problem  was  only 
lightly,  considered  because  of  structural  stability  .problems  in  the  .fillet. 
Development  of  a  structurally  stable  coating  material  prepared  from  ground 
flesh  and  advances  in  enzyme  inactivation  methods  to  improve  texture 
resulted  in  a  highly  acceptable  product  immediately  after  irradiation. 
Subsequent  storage  at  room  temperature,  however,  indicates  that  decreased 
acceptability  due  to  marked  browning  of  the  fish  flesh  was  the  major  prob¬ 
lem  to  be  solved.  To  date,  attempts  to  eliminate  browning  in  prefried 
products  have  failed.  Bisulfite  treatment  appeared  to  retard  "browning" 
somewhat .  However ,  there  was  no  appreciable  extension  of  acceptable  shelf 
life. 

Experiments  have  been  carried  on  with  whole  fillets  and  ground  flesh 
to  determine  the  effects  of  irradiation,  heat  treatment,  air,  and  various 
additives  on  the  rate  of  browning.  Results  indicate  that  there  are  no  sig¬ 
nificant  differences  between  air  and  vacuum-packed  products  and  between 
irradiated  and  nonirradiated  ..products,  as  far  as  browning  is  concerned.  In 
some  cases  ground  flesh  did. not  brown  as  rapidly  as  whole  fillets.  The 
only  additive'  that affected  the  browning ; rate  was  bisulfite.  The  color  of 
these  products,  however,  was- still  unacceptable . 

The  only  variable  that  significantly  affected  the  browning  reaction 
to  any  extent  during  a  5-6. month  storage  at  room  temperature  was  the  type 
of  heat  treatment  and  the  final  product' temperature1.  Products  which  had 
been  deep- fat -fried  and  microwave  over-treated  prior  to  canning,  browned 
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Figure  5  -  The  effect  of  room  temperature  storage  on  the  panel 
acceptance  and  the  color  of  prefried  ( bisulfite d) 
radio sterilized  fillet  sections o 
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much  more  than  products  retorted  in  cans  to  the  same  process  temperature. 
The  only  products  considered  acceptable  in  color  after  six  months’  storage 
at  room  temperature  were  those  retorted  in  cans  to  an  internal  temperature 
of  77®C,  the  minimum  temperature  needed  for  enzyme  inactivation.  Samples 
retorted  to  X21°C  for  fifteen  minutes  were  less  acceptable  as  were  samples 
retorted  to  49°C.  The  results  indicate  that  the  reaction  involved  is  non- 
enzymatic  (Maillard  condensation).  However,  the. effect  of  heat  treatment 
on  browning  suggests  that  the  availability  of  reactants  (ribose,  ribose  1- 
phosphate,  etc.)  may  involve  enzymes.  (7)  The  differences  in  browning 
rates  among  various  types  of  heat  treatment  may  indicate  a  time -temperature 
effect  as  well  as  a  possible  environmental  effect.  In  general  it  appears 
that  a  more  basic  study  of  the  browning  reaction  is  necessary  before  a 
solution  to  this  problem  can  be  found. 

Enzyme  inactivation  procedures  attaining  product  temperatures  lower 
than  those  reported  for  complete  proteolytic  enzyme  inactivation  in  gen¬ 
eral  resulted  in  less  drying  of  the  product  and  a  much  more  acceptable 
texture.  Little  or  no  proteolysis  was  observed  in  any  of  these  products. 
However,  as  reported  above,  browning  resulted  in  unacceptable  quality 
after  two  or  three  months  of  storage..  Products  "stored  up  to  9  months  at 
room  temperature  showed  no  visible  signs  of  autolytic  spoilage  outside  of 
browning.  Microwave  heating  in  a  sealed  container  filled  with  water  to 
exert  pressure  on  the  product  shows  promise  as  a  method  for  enzyme  inacti¬ 
vating  such  products  as  steaks  or  scallops.  Product  temperatures  in  the 
order  of  60°C  can  be  attained  very  quickly  (five  minutes)  and  uniformly 
with  a  minimum  of  physical  damage  to  the  product.  Whether  or  not  micro- 
wave  treatment  under  water  pressure  will  be  significantly  different  from 
normal  microwave  treatment  with  regard  to  browning  of  the  product  remains 
to  be  seen. 


14 


BIBLIOGRAPHY 


(1)  Progress  Report  No.  2  on  Study  "Development  of  Radiation  Sterilized 
Fish,  Items,"  Bureau  of  Commercial  Fisheries.  Submitted  to  U.  S. 

Army  Natick  Research  Laboratories,  Jan.  1967. 

(2)  Desrosier,  N.  W.  (1963)  The  Technology  of  Food  Preservation.  Avi 
Publishing  Company,  Inc . ,  Westford,  Connecticut* 

(3)  Furia,  Thomas  E.  EBTA  in  Foods,  A  Technical  Review.  Food  Technology. 
Dec .  1964 

(4)  Color  Coordinate  Tables ,  as  Computed  by  L.  G.  Glasser  and  D.  J.  Troy, 
Manufacturers  Engineering  and  Equipment  Corporation,  Hatboro, 
Pennsylvania. 

(5)  Sinnhuber,  R.  0.  and  Landers,  M.  K.  Enzyme-Inactivation  Studies  on 
Irradiation-Sterilized  Cod  Fillets.  Journal  of  Food  Science ,  Vo!,  29, 
March -April  1964. 

(6)  Tarr,  H.  L.  A.  and  Gadd,  R.  E.  A.  Browning  in  Freeze-Dried  Fish. 
Journal  Fisheries  Board  of  Canada,  Vol.  22,  No.  3,  1965. 

(7)  Tarr,  H.  L.  A.  Postmortem  Changes  in  Glycogen  Nucleotides,  Sugar 
Phosphates  and  Sugars  in  Fish  Muscle  -  A  Review.  Journal  of  Food 
Science,  Vol.  31(6),  November -December  1966. 


15 


FOOD  LABORATORY  DISTRIBUTION  LIST 
RADIATION  PRESERVATION  OF  FOOD 


2  -  Commanding  General 

US  Amy  Medical  Research  and 
Development  Command 
ATTN  s  MEDDH-RMN-I  . 
Washington,  D,  C.  20314 

2  -  Commanding  General 

US  Army  Test  and  Evaluation 
Command 

ATTN s  AMSTE-BC 
Aberdeen  Proving  Ground, 
Maryland  21005 

1  -  Commanding  General 

US  Army  Combat  Development 
Command 

Combat  Service  Support  Group 
Fort  Lee,  Virginia  23801 

1  -Commanding  General 

IS'  Armj^  Combat  Development 
Command 
ATTN:  CDCMR-0 

Fort  Belvoir,  Virginia  22060 

1  -  Commanding  General  - 

US  Army  Materiel  Command 
ATTN:  AMCRD-JI 
Department  of  the  Army 
Washington,  D.  C.  20315 

1  -  Commanding  General 

US  Army  General  Equipment 
Test  Activity 

ATTN:  Dr.  Howard  W.  Hembree, 
Technical  Director 
Fort  Lee,  Virginia  23801 


Copies 

2  -  Commanding  Officer 
E'dgewood  Arsenal 
ATTN;  SMUEA-TSTI-TL 
Aberdeen  Proving  Ground, 
Maryland  21010 

1  -  Commanding  Officer 

US  Army  Combat  Development 
Command 
Supply  Agency 
j  ATTN:  CDCSA-R 

|  Fort  Lee,  Virginia  23801 

1  -  Commanding  Officer 

US  Army  Medical  Nutrition 
Laboratory 

Fitzsimons  General  Hospital 
Denver,  Colorado  80240 

1  -  Commanding  Officer 

US  Army  Research  Officer 
Durham 

ATTN:  CRD-AA-IP 
Box  CM,  Duke  Station 
Durham,  North  Carolina  27706 

1  -  Commanding  Officer 

US  Army  Nuclear  Defense 
Laboratory 

ATTN:  Technical  Library 
Aberdeen  Proving  Ground, 
Maryland  21010 

1  -  Commanding  Officer 

US  Army  Arctic  Test  Center 

ATTN:  STEAC-TA 

APO  Seattle,  Washington  98733 


s  .  Copies 


Commanding  Officer  1  -  Commandant  of  the  Marine  Corps 

US  Navy  Subsistence  Office  Headquarters  US  Marine  Corps 

ATTN:  Mrs.  Marjorie  Kehoe  ATTN:  Code  A04G' 

Washington,  D.  C .  20390  Washington,  D.  C.  20380 


Chief,  US  Amy  Food  Service 
Center  ?ooa 

ATTN:  Chief,  Menu  Planning 
Section 

Fort  Lee,  Virginia  23801 

Commanding  Officer  . 

US  Air  Force  Service  Office 
(AFLC) 

ATTN :  Mrs . ,  Germaine  Gotshall 
2800  South  20th  Street 
Philadelphia,  Pennsylvania  19101 

Commanding  Officer 
US  Marine  Corps 

ATTN:  COE-2,  Miss  Joan  Nil and 
Department  of  the  Navy 
Washington,  D.  C.  20380  ] 

Commander 

Defense  Personnel  Support 
Center 

ATTN:  Director  of  Subsistence 
BPSC-STT 

2800  South  20th  Street 
Philadelphia,  Pennsylvania  19101 

Commandant 

ATTN:  Head  Librarian 
US  Amy  Medical  Field  Service  School 
Brooke  Army  Medical  Center 
Fort  'Sam  Houston,  Texas  78234 


1  -  Commandant  of  the  Marine 
Corps 

Headquarters  US  Marine  Corps 
ATTN:  Code  AX-4E5 
Washington;  D.  C.  20380 

1  -  Deputy  Chief  of  Staff,  R&B 
Headquarters,  USAF  (AFRBBG) 
Washington ,  D .  C .  20330 

1  -  Chief,  Biomedical  Sciences 
Division 

Office  of  Assistant  Director 
(Chemical  Technology) 

Room  3D- 129,  The  Pentagon 
Washington,  D.  C.  20301 

5  -  Executive  Secretary 

Interdepartmental  Committee 
on  Radiation  Preservation 
of  Food 

ATTN:  Mr.  Jerome  Deitch 
Bureau  of  Domestic  Commerce 
US  Department  of  Commerce 
Washington,  D.  C.  20230 

1  -  Chairman 

Interdepartmental  Committee 
on  Radiation  Preservation 
of  Food 

ATTN:  Mr.  Anthony  A.  Bertsch 
Bureau  of ; Domestic  Commerce 
US  Department  of  Commerce 
Washington,  D.  C.  20230 


1  -  Executive : director  . 

Joist  Committee"  on  Atomic  Energy 
Congress  :Of. the  United  States 
Washington,  B.  C.  20510 

1  -  Assistant  Director  for  Isotopes : 
Development 

Division  of  Applied  Technology 
US  Atomic  Energy  Commission  ; 
Washington,  D,  C.  20545 

X  -  Director  • 

Division  of  .Biology  and  Medicine 
US  Atomic  Energy  Commission 
Washington,  D.  C.  20545 

1  -  Director 

US  Army  Advanced  Materiel 
Concepts  Agency 
Washington,  B.  C.  20315 


Office  of  Naval  Research 
Department  of  the  Navy 
Washington,  B,  C .  20360 


Copies 

2  -  Director 

Development  Center 
Marine  Corps  Development 
and  Education  Command 
Quantico,  Virginia  22134 

1  -  Director 

Division  of  Fishery  Products 
Technology 

National  Marine . Fisheries 
Service 

US  Department  of  Commerce 
.  Interior  Building 
'  Washington,  D.  C.  20240 

1  -  Air  Force  Service  Office 

ATTN:  Food  Branch 
2800  South  20th  Street 
Philadelphia,  Pennsylvania 

19101 

1  -  GET  Division 

US  Army  Foreign  Science 
and  Technology  Center. 

ATTN;  AMXST-GE 
(Mrs.  Victoria  Dibbern) 

220  7th  Street,  N.E . 

Char lottsville,  Virginia 

22901 

1  -  HQDA  (DARD-ARL) 

WASH  DC  20310 

1  -  Chief,  Food  Service  Division 
Walter  Reed  General  Hospital 
Washington,  D*  C.  20012 


3 


Copies 


Fort  Sam  Houston,  Tessas  78234 

Quartermaster  School  Library 
US  Army  Quartermaster  School 


1  -  US  Army  Combat  Development 
Command 

Institute  of  Nuclear  Studies 
Fort  Bliss,  Texas  79916 

1  -  US  Naval  Research  Laboratory 
Code  6140 

Washington,  D.  C.  20390 


Fort  Lee,  Virginia  23801 


Library  Southern  Utilization 
Research  and  Development  Division 
Agricultural  Research  Service 
US  Department  of  Agriculture 
Pe  0.  Box  19687 
New  Orleans,  Louisiana  70119 


Technical  Library 

USACBC  Institute  of  Land  Combat 


Alexandria,  Virginia  22314'.. 


US  Atomic  Energy  Commission 
Reports  Sect ion *  Headquarters 
Library 

Main  Station  J-.004 

Division  of  Technical  Information 

Washington,  D .  C .  20545 


Division  of  Acq 
National  Agric 


of  Agriculture 
ui sit ions 
talture  Library 


1  -  US. Army  Command  and  General 
Staff  College 
Library  Division 
Fort  Leavenworth,  Kansas  66027 

1  -  US  Department  of  Agriculture 
Consumer  and  Marketing  Service 
ATTN:  Director  Standards  and 
Services  Division 
Washington,  D.  C.  20250 

1  -  US  Department  of  Agriculture 
Consumer  and  Marketing  Service 
ATTN;  Chief,  Product 
Standards  Branch 
Standards  and  Services 
Divison 

Washington,  D.  C.  20250 

1  -  US  Army  Advanced  Materiel 
Concepts  Agency 
ATTN;  AMXAM-AC , 

( J .  H .  Berardelli ,  Plans 
and  Operations  Officer) 
Washington,  D.  C.  20315 


ch 
jal 

[Pike  ■ 

Arlington,  Virginia  22204 


APO  Seattle,.  Washington  89731 


2  -  National  Aeronautics  and 
Space  Administration 
ATTN;  Acquisition  Branch 
’S-AK/DL’ 

P.  0.  Box  33 

College  Park,  Maryland  20740 

1  -  Headquarters,  USAF  (AFRDBG) 
DCS /Research  and  Development 
Washington,  D.  C.  20330 


1  -  National.  Aeronautics  and 
Space  Administration 
Ames  Research  Center 
ATTN?  J.  E.  Greehleaf ,  ■  239-4A 
Moffett  Field,'  California  94035 

1  -  Defense  Supply  Agency 

Be  fense  Per sonne X . Supper t : C  enter 
ATTN?  Mr .  Robert  L.  ■  Graf  y  DPSC-PS 
Division©; f  Sub s is  tenee 
.  2800  South  20th  Street 
Phi ladelphia ,  Pennsylvania  1910 1 

20  -Dr.  Frank  Fisher 
Executive  Director 

National  Academy  of  Sciences 
National  Research  Council 
2101  Constitution  Avenue  ,' 
Washington,  B.  C.  20418 

1  -  Dr..  William  H.  Brown 

Chairman,  Committee  on  Radiation 
Preservation  of  Food,  NAS/NRC 
President,  American  Bacteriology 
and  Chemical  Research  Corp. 

P.  0,  Box  1557 
Gainesville,  Florida  32601 

1  -  Headquarters,  AMD-RD 
Brooks  Air  Force  Base 
Texas  78235 

1  -  Dr.  Edwin  M.  Foster, 

Chairman,  Committee  on 
Microbiology  of  Food,  NAS/NRC 
Director,  Food  Research 


1  -  Headquarters,  Defense  Supply 
Agency 

ATTN:  Mr.  Jobe ,  BSAH-OP 
Cameron  Station 
Alexandria,  Virginia  22314 

4  -  Exchange  and  Gift  Division 
Library  of  Congress 
Washington,  B.  C,  20540 

1  —  Dr •  K „  Ci  Emerson 

Assistant  for  Research 
Office  of  Assistant  Secretary 
of  the  Army  (R&B) 

Department  of  the  Army 
Washington,  D.  C.  20310 

1  -  Department  of  Health, 

Education  and  Welfare  ■ 

Food  and  Drug  Administration 
ATTN:  Dr.  Virgil  0.  Wodicka 
Director,  Bureau  of  Foods 
Washington,  D.  C.  20204 

1  -  Headquarters,  Air  Force 

Systems  Command  (DLH) 

ATTN:  Col.  Robert  Mclver 
Andrews  Air  Force  Base, 
Maryland  20331 

2  -  Headquarters  12th  Support 

Brigade 

ACofS  Services 

ATTN:  Food  Advisor 

Fort  Bragg,  North  Carolina 

28307 


University. of  Wisconsin  1  -  Dr.  Nicholas  Raica,  Jr. 

Madison,  Wisconsin  53706  Chief,  Nutrition  Branch  and 

Gnotobiotic  Laboratory 


8910  Colesville  Road  .  US  Army  Medical  Research 

Silver  Springs ,  Maryland  20910  and  Nutrition  Laboratory 

Fitzsimons  General  Hospital 
Denver,  Colorado  80240 


5 


US  Department  of  'Commerce 
National  Oceanic  and 
Atmospheric  Administration 
National  Marine  Fisheries 
Service  . 

Northern  Region 
Emerson  Avenue 
Gloucester,  Massachusetts  01930 

1  -  Col.  William  S.  Auger  son,  K2 ,  USA 
Military  Assistant  for-  Medical  . 

and  Life  Sciences  ■ 

QAD/E&I S ,  The  Pentagon ,  ■ . 

(Rm  3B129) 

Department  of  Defense,  Research 
and  Engineering 
.  Washington,  B.  C.  ,20301-  , 

1  -  Commandant 'of  the  Marine  Corps 
Headquarters  ;U.S  ,  Marine-  Corps 
ATTN:  Code  COB-2 


1  -HQDA  (DASU-PSF) 

WASH  DC  20315 

1  -  Mr.  Bernard  Monowit z 
Chairman ,  C ommi t  tee  on 
Radiation  Sources,  NAS/NRC 
Head,  Radiation  Division 
Department  of  Applied  Sciences 
Brookhaven  National  Laboratory 
Upton,  New  York  11973 

1  -  HQDA  (DASG-HEP-H) 

WASH  DC  20314 

1  -  CDR  Harold  J.  Janson,MSC , USN 
Head,  Food  Service  Branch 
Bureau  of  Medicine  &  Surgery 
Navy  Department 
Washington,  D.  C.  20390 

1  -  Commandant  of  the  Marine  Corps 
Headquarters  U.S.  Marine  Corps 
ATTN:  CSY-4 
Washington ,  D .  C .  20380 


1  -  Commanding  General^ 

Marine  -Corps , Supply  Activity 
ATTN:  Code  826  ... 

1100  South  Broad  Street 
Philadelphia,  Pennsylvania  19146 


6 


FOOD  LABORATORY  INTERNAL  DISTRIBUTION  LIST 
RADIATION  PRESERVATION  OF  FOOD 


22  -  Program  Coordination  Office,  Food  Laboratory,  NLABS 
(12  for  transmittal  to  Defense  Documentation  Center) 

2  -  Technical  Library,  NLABS 

7  -  Division  Chiefs,  Food  Laboratory,  NLABS 

2  -  Marine  Liaison  Officer,  NIABS 

3  -  Air  Force  Liaison  Officer,  NLABS 

1  -  Special  Assistant  for  DOD  Food  Program,  ATTN;  Dr,  E,  E.  Anderson, 
NLABS 

1  -  US  Army  Representative  for  DOD  Food  Program,  ATTN;  Col,  M.  B.  Miehl 
'  NIABS 

1  -  US  Air  Force  Representative  for  DOD  Food  Program,  ATTN;  LTC  R,  E. 
Pope,  NLABS 

1  ■-  US  Navy  Representative  for  DOD  Food  Program,  ATTN;  Mi  7  JU  Martin, 

(send  to  Dr.  E.  E.  Anderson  for  distribution,  NLABS) 

2  -  Chief,  Quality  Assurance  and  Engineering  Office,  ATTN; 

Standardization  Management  and  Quality  Assurance  Branch 
(Mr.  Richman),  NLABS 

4  -  Director,  General  Equipment  and  Packaging  Laboratory,  NLABS 

3  -Director,  Pioneering  Research  Laboratory,  NLABS 
25  -  Project  Officer,  Food  Laboratory,  NIABS 

25  -  Alternate  Project  Officer,  Food  Laboratory,  NIABS 


7 


Security  Classification 


DOCUMENT  CONTROL  DATA  -  R  &  D 

( Security ,  classification  of  title,  body  of  abstract  and  Indexing  annotation  must  be  entered  when  the  overall  report  Is  classified) 


2a.  REPORT  SECURITY  CLASSIFICATION 

UNCLASSIFIED 


3.  REPORT  TITLE 


DEVELOPMENT  OF  RADIATION  STERILIZED  FISH  ITEMS 


4.  DESCRIPTIVE  NOTES  (Type  of  report  and  Inclusive  dates ) 

14  December  1966  to  13  Match  1968 


8.  AUTHOR(S)  (First  name,  middle  initial,  last  natpe) 

Louis  J.  Ronsivalli 


8.  REPORT  DATE 

February  1972 


*4.  CONTRACT  OR  GRANT  NO. 

Project  Order  No.  66-88 

b.  PROJECT  NO. 


7 a.  TOTAL  NO.  OF  PAGES  7b.  NO.  OF  REFS 

27  7 


9a.  ORIGINATOR'S  REPORT  NUMBER(S) 


1C025601A033 


9b.  OTHER  REPORT  NO<S)  (Any  other  numbers  that  may  be  aealgped 
this  report) 


72-42-FL 


FL-153 


10.  DISTRIBUTION  STATEMENT 

Approved  for  public  release;  distribution 

unlimited 

11.  SUPPLEMENTARY  NOTES 

12.  SPONSORING  MILITARY  ACTIVITY 

U»  S .  Army  Natick  Laboratories 

Natick,  Massachusetts  01760 

13.  ABSTRACT 

, 

l\CdcaJ.vu  — - —  - o- - -  -  «/ 

radiosterilized  fish  fillets  and  on  additives  to  prevent  browning  of  these  products 
during  room  temperature  storage.  Ground  or  blended  fish  flesh  which  has  binding  proper¬ 
ties  upon  heating  was  tested  as  a  batter  material  to  coat  fillet  portions  prior  to 
breading.  It  was  found  that  a  coating  composed  of  50  percent  ground  flesh  and  50  per¬ 
cent  methylcellulose  solution  (2  percent)  in  conjunction  with  a  normal  slow-browning 
breading  material  greatly  enhanced  the  structural  and  storage  stability  of  the  fillet. 
This  coating  which  seals  itself  during  the  frying  process  was  considered  highly  accept¬ 
able  by  the  taste  panel  and  proved  to  be  shelf  stable  through  nine  months’  storage  at 
room  temperature. 

Although  this  coating  resulted  in  acceptable  products  immediately  after  irradiation  and 
up  to  one  month  at  room  temperature  storage,  marked  discoloration  (browning)  of  the 
flesh  was  observed  after  2-3  months'  storage,  resulting  in  an  unacceptable  product. 
Research  indicates  that  the  browning^  is  nonenzymatic  although  the  availability  of 
reactants  may  be  the  result  of  enzymatic  activity.  Attempts  to  eliminate  browning  in 
prefried  radiosterilized  fillets  have  failed.  Of  all  the  additives  tested,  only 
bisulfite  treatment  affected  the  browning  reaction.  However,  shelf  life  extension  was 
hot  significant. 


FOAM  4  A  REPLACE*  DD  POEM  147*.  I 

UP  I  MOV  **  1  4  / O  OBSOLETE  POE  AEMV  USE. 


JAN  *4.  WHICH  IS 


ecurity  Classification 


Security  Classification 


M 


